Polybromininated diphenyl ethers (PBDEs) are widely used as flame-retardant additives. Previous studies have demonstrated that PBDEs exposure can lead to neurotoxicity. However, little is known about the effects of PBDE 209 on synaptic plasticity. This study investigated the effect of decabrominated diphenyl ether (PBDE 209), a major PBDEs product, on synaptic plasticity in the dentate gyrus of rats at different developmental periods. We examined the input/output functions, paired-pulse reactions, and the long-term potentiation of the field excitatory postsynaptic potential slope and the population spike amplitude in vivo. Rats were exposed to PBDE 209 during five different developmental periods: pregnancy, lactation via mother's milk, lactation via intragastric administration, after weaning, and prenatal to life. We found that exposed to PBDE 209 during different developmental periods could impair the synaptic plasticity of adult rats in different degrees. The results also showed that PBDE 209 might cause more serious effects on the postsynaptic cell excitability in synaptic plasticity, and the lactation period was the most sensitive time of development towards PBDE 209.
Polybromininated diphenyl ethers (PBDEs) are widely used as flame-retardant additives in many different materials (BSEF, 2000; WHO, 1994) . PBDEs are not chemically bound to polymer products and can be released into the environment (Hultzinger and Thoma, 1987; Hultzinger et al., 1976) . Studies have established the almost ubiquitous presence of PBDEs in the environment, in animals and in humans (Andersson and Blomkvist, 1981; Sellströma et al., 1993; Sjodin et al., 1999; Watanabe et al., 1983) . More importantly, several regional studies have indicated that the concentrations of PBDEs in abiotic environment are exponentially increasing (Nylund et al., 1992; Tanabe, 2006; Zegers et al., 2003) , and their concentrations in biota and human are increasing as well (Fangstrom et al. 2005; Meironyte et al. 1999; Norstrom et al. 2002; Rayne et al. 2003) . PBDEs have 209 possible congeners, and decabrominated diphenyl ether (PBDE 209) is the major product of PBDEs. Unlike Penta-BDE and Octa-BDE commercial mixtures that have been withdrawn from the market in Europe in (EEC, 2003 , PBDE 209 remains being used consistently and widely. PBDE 209 had been thought to be less toxic and bioaccumulative than those lower brominated congeners. But recent studies showed that PBDE 209 exhibits toxicity as other PBDEs (Hu et al. 2007; Tseng et al., 2008; Viberg et al., 2003b Viberg et al., , 2007 Viberg et al., , 2008 . It was also reported that the concentration of PBDE 209 in human bodies was the highest among PBDEs congeners in Japan and Spain (Gomara et al., 2007; Inoue et al., 2006) . Furthermore, PBDE 209 can be extensively metabolized and debrominated down to lower brominated congeners in animal bodies, so the potential toxicity of PBDE 209 may be higher than that of the lower PBDEs (Morck et al., 2003; Sandholm et al., 2003; Van den Steen et al., 2007) .
It was found that PBDEs can disrupt thyroid systems of rats and mice, indicating that PBDEs can affect brain development (Fowles et al., 1994; Hallgren et al., 2001; Zhou et al., 2002) . Using ethological methods, a research group has systematically explored the developmental neurotoxicity of PBDEs on mice and rats (Eriksson et al., 2001 (Eriksson et al., , 2002 Viberg et al. 2003a Viberg et al. , 2003b Viberg et al. , 2004 Viberg et al. , 2006 . Their experimental protocol involved direct exposure of neonatal mice or rats to PBDEs, at a single oral dose, usually on postnatal day (P) 10. They found that PBDEs can disrupt spontaneous behavior, habituation, learning, and memory. Other studies also found PBDEs can affect behaviour and learning of adult rats through brief and chronic exposure in developmental periods (Branchi et al., 2002; Driscoll et al., 2009; Dufault et al., 2005) . The mechanisms of PBDEs-induced cognitive dysfunction, however, remain unknown.
Synaptic plasticity is central issue about the leaning and memory in the brain, which is the first proposed to explain behavioral performance. Long-term potentiation (LTP) of synaptic transmission in the hippocampus is the primary experimental model for investigating the synaptic basis of learning and memory (Bliss and Collingridge, 1993; Doyere and Laroche, 1992; Morris et al., 1990) . To our best knowledge, information on hippocampal function in animals developmentally exposed to PBDEs is quite limited. Dingemans et al. (2007) is the only one research so far that reported the effect of PBDEs on LTP in CA1 area of mice hippocampal slices. In their experiment, mice received a single oral dose of PBDEs on P10 for filed-excitatory postsynaptic potential (fEPSP) recording at P17-19. They found that neonatal exposure to PBDEs caused a reduction of LTP, which suggested that exposure to PBDEs during development may disrupt synaptic plasticity in the central nervous system.
The present study attempted to expand upon previous works by examining synaptic plasticity in the dentate gyrus (DG) in vivo in Wistar rats. This report differs from previous work in that pups were chronic exposed to PBDE 209 in different developmental periods, and the electrophysiological measures were obtained from the adults. We investigated the effects of PBDE 209 on input/output (I/O) functions, paired-pulse reactions (PPR), and long-term potentiation (LTP). We found that PBDE 209 had a serious effect on the postsynaptic cell excitability in synaptic plasticity. Our results showed that exposure to PBDE 209 could impair the synaptic plasticity of rats in different degrees at different developmental periods. Our results also showed that lactation was the most sensitive period affected by PBDE 209 among all developmental periods.
MATERIALS AND METHODS
Experimental animals and treatment. Wistar rats were obtained from the Laboratory Animal Center, University of Science and Technology of China. All experiments were conducted in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources, 1996) . All efforts were made to minimize the number of animals used and their suffering. The animals were supplied with standardized pellet food and tap water ad libitum under a 12-h light/dark cycle at a temperature of 25°C. Each female rat was caged with a fertile male overnight for mating and was checked for sperm positivity the next morning. This day was termed gestational day (G) 1. Only rats that had mated successfully were included in the study.
PBDE 209 (99%, Alfa Aesar, Heysham, Lancaster, UK) was dissolved in a mixture of egg lecithin and peanut oil (1: 10, wt/wt) and then sonicated with water to yield a 20% (wt/wt) fat emulsion vehicle containing 2mM PBDE 209 (Viberg et al., 2003b) . The mixture was administered orally once per day, in a volume of 10 ml/kg body (20 lmol PBDE 209), via a metal gastric tube. To determine the dose used in our experiment, we had conducted a preliminary experiment with several doses. We chose 20 lmol in our experiment because obviously behavioral distinctions were detected in mice and rats using this concentration (Viberg et al., 2003b (Viberg et al., , 2007 . The experiment was performed on the offspring of six groups of pregnant Wistar rats (70-80 days of age, 180-230 g): control (Con), PBDE 209 exposure during pregnancy (PG), PBDE 209 exposure from mother milk during lactation (LAM), PBDE 209 exposure through intragastric administration during lactation (LAI), PBDE 209 exposure after weaning (WE), and PBDE 209 exposure from prenatal to life (PL). Figure  1 showed the different administrations in the different groups. In PG group, the pregnant dams were given PBDE 209 daily from G1 to parturition. In LAM group, dams were given PBDE 209 daily from P1 to weaning. In LAI group, pups were given PBDE 209 daily from P3 to weaning. In WE group, pups were given PBDE209 daily after weaning and maintained for 20 days. In PL group, dams were given PBDE 209 daily from G1 to weaning, and then pups were given PBDE 209 daily after weaning and lasting 20 days.
Extracellular recordings of all the six groups were carried out at the age of P60. The dams and pups in all groups were given 20% fat emulsion vehicle 10 ml/kg body weight when they were not given PBDE 209. The animals in each group consisted of three to four litters with both sexes (the ratio of males to females was approximately 1:1) to avoid the effects of litters and sexes.
Stimulation and recording. In each recording session, rats were anesthetized with urethane (1.8 g/kg, intraperitoneal injection) and fixed in a stereotaxic head holder. The skull was exposed and the animal's body temperature, heart rate and electrocardiogram were monitored. A concentric bipolar stimulating electrode was placed in the lateral perforant path (coordinated with the skull surface flat: 8.0 mm posterior to bregma, 4.2 mm lateral to the midline, and 2.8-3.0 mm below the surface of the skull). A 2M NaCl-filled glass micropipette recording electrode (3-to 5-lm-tip diameter and 1-3 MX resistance) was placed in the DG until maximal response to perforant path stimulus was observed (coordinated with the skull surface flat: 3.8 mm posterior to bregma, 2.1 mm lateral to the midline, and 3.0-3.5 mm below the surface of the skull). All chemicals were purchased from Sigma (St. Louis, MO).
I/O functions. In order to evaluate synaptic potency, I/O curves were generated by systematic variation of the stimulus current by steps of 0.1 mA (0.1-1.0 mA). Stimulus pulses were delivered at 0.05 Hz and three responses at each current level were averaged.
Paired-pulse reactions. PPR was evaluated by increasing the interpulse intervals (IPIs, 10-400 ms). The stimulus current intensity was adjusted at intensity yielding about 50% of the maximal amplitude of population spike (PS). Stimulus pairs were delivered at 0.05 Hz and three responses were averaged at each IPI.
Long-term potentiation. In present study, LTP was recorded in each animal. The stimulus intensity for baseline measurement was adjusted to yield about 50% of maximum amplitude of PS. After 20-min baseline recordings, a high frequency stimulus (HFS) was applied (250 Hz, 1 s). Post-tetanic recordings were performed for 1 h. Stimulus pulses were delivered at 0.05 Hz in baseline recordings and post-tetanic recordings. At the end of each recording FIG. 1. Different administrations for different groups. In PG group, pups received PBDE 209 from their mothers from G1 to parturition. In LAM group, pups received PBDE 209 everyday from their mothers from P1 to weaning. In LAI group, pups received PBDE 209 everyday via a metal gastric tube from P3 to weaning. In WE group, pups were given PBDE 209 everyday after weaning and lasting 20 days (approximate the time of lactation). In PL group, pups received PBDE 209 from their mother from G1 to weaning, and then the pups were given PBDE 209 everyday through intragastric administration after weaning and maintained for 20 days. Extracellular recordings of all groups were carried out at the age of P60.
402
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Hippocampus PBDE 209 determination. Hippocampal PBDE 209 concentrations were estimated on the animals in different groups at the end of exposure. After decapitation of the animals, the hippocampi were isolated, and stored at À20°C.
PBDE 209 concentrations were determined using a 6890 gas chromatograph coupled with a 5973 mass spectrometer (Agilent, Santa Clara, CA). The samples were homogenized in a grinder quickly, after being frozen in liquid nitrogen. Then 3 ml of ammonium sulfate, 1 ml of ethanol, and 2 ml of hexane were mixed and extracted twice. The final extract was washed with hexanewashed water, dehydrated with sodium sulfate, and concentrated to 5 ml for further cleanup. The 5 ml of extract from samples was subjected to multilayer silica gel column (Merck, Germany) cleanup. The cleaned extract was further concentrated to the injection volume by nitrogen purge. Standards and samples were injected in hot splitless mode (300°C, 1 ll; splitless time 2 min). A GC capillary column DB-5MS (30 m, 0.25 mm internal diameter, 0.25-lm film thickness; Agilent) was used for separation. All GC working conditions and the quantification method used are detailed elsewhere (EPA, 2007) .
Data analysis. Data were recorded using Igor Pro 4.05 (Wave Metrics, OR) and analyzed with Origin 7.5 software (Origin Lab, MA). Both fEPSP slope and PS amplitude were monitored. fEPSP slope was measured during the rising phase of fEPSP by measuring the slope at a fixed latency (0.5 ms) from fEPSP onset. The amplitude of PS was measured by averaging the distance from the negative peak to the preceding and following positive peak. Mean values of LTP were normalized to pretetanus baseline values. The amplitudes of LTP were calculated by averaging the percentage of post-tetanus data in 1 h compared with pretetanus baseline data. All values were presented as the mean ± SEM. Comparisons between two groups in the analysis of I/O and LTP were analyzed by two-way ANOVA with Tukey test, and the other statistical analyses were based on one-way ANOVA. Probabilities less than 0.05 were considered as significant difference.
RESULTS

Effect of PBDE 209 on I/O Functions
To test whether PBDE 209 could affect basic synaptic transmission in the DG region, we measured the I/O functions before induction of LTP. Figures 2A and 2B show the I/O curves of Con, PG, LAM, and PL groups measured by fEPSP slope and PS amplitude. Compared with Con group (n ¼ 10), the fEPSP slope remained unchanged in both PG (n ¼ 8, p > 0.05) and LAM groups (n ¼ 8, p > 0.05) and significantly decreased in PL group (n ¼ 5, p < 0.01). The PS amplitude remained unchanged in both PG (p > 0.05) and LAM groups (p > 0.05), but significantly decreased in PL group (p < 0.01). Figures 2C and 2D show the I/O curves of the Con, LAI, WE, and PL groups measured by fEPSP slope and PS amplitude. Compared with Con group, the fEPSP slope significantly decreased in both LAI (n ¼ 7, p < 0.01) and WE groups (n ¼ 9, p < 0.01). There was no significant difference between LAI and WE groups (p > 0.05), whereas significant difference between WE and PL groups (p < 0.01) was seen. The PS amplitude significantly decreased in both LAI (p < 0.01) and WE groups (p < 0.01). There was no significant difference between LAI and WE groups (p > 0.05), whereas there was significant difference between WE and PL groups (p < 0.01). Con and PL-PBDE 209 groups are repeated on Figure 2 and following figures to contrast the effects of different groups.
Effect of PBDE 209 on PPR
To evaluate the effect of PBDE 209 on short-term synaptic plasticity, we next measured the PPR of PS amplitude. Figure  3A illustrates the PPR curves in Con, PG, LAM, and PL groups. The average peak facilitation was 181 ± 15% in Con group (IPI ¼ 80 ms, n ¼ 10), 176 ± 15% in PG group (IPI ¼ 80 ms, n ¼ 9), 178 ± 10% in LAM group (IPI ¼ 80 ms, n ¼ 8), and 151 ± 10% in PL group (IPI ¼ 80 ms, n ¼ 5). The facilitation duration was 268 ± 12 ms in Con group, 264 ± 14 ms in PG group, 258 ± 12 ms in LAM group and 178 ± 9 ms in PL group. The result demonstrated that the average peak facilitation and the facilitation duration significantly decreased only in PL group (p < 0.05). Figure 3B illustrated the PPR curves in Con, LAI, WE, and PL groups. The average peak facilitation was 159 ± 7% in LAI group (IPI ¼ 80 ms, n ¼ 7) and 161 ± 9% in WE group (IPI ¼ 80 ms, n ¼ 9). The facilitation duration was 201 ± 9 ms in LAI group and 207 ± 8 ms in WE group. The result demonstrated that the average peak facilitation and the facilitation duration significantly decreased in both LAI and WE groups (p < 0.05), but no significantly difference was seen between themselves (p > 0.05). There was no significant difference between the average peak facilitation of the WE and PL groups (p > 0.05), but the facilitation duration was significant difference between them (p < 0.05).
Effect of PBDE 209 on LTP
We then examined the effects of chronic PBDE 209 exposure in different developmental periods on LTP in area DG of the hippocampus. Figures 4A and 4B show LTP amplitudes of fEPSP slope and PS amplitude in Con, PG, LAM, and PL groups. The LTP amplitude of fEPSP slope was 133 ± 3.3% in Con group (n ¼ 10), 134 ± 4.4% in PG group (n ¼ 8), 129 ± 1.9% in LAM group (n ¼ 8) and 116 ± 3.9% in PL group (n ¼ 5). Compared with Con group, there was no significant change in PG group (p > 0.05), but there were significant decreases in LAM (p < 0.05) and PL groups (p < 0.01). The LTP amplitude of PS amplitude was 210 ± 8.6% in Con group, 217 ± 8.6% in PG group, 192 ± 6.5% in LAM group, and 139 ± 13.8% in PL group. Compared with Con group, there was no significant change in PG group (p > 0.05), but there were significant decreases in LAM (p < 0.01) and PL groups (p < 0.01). Figures 4C and 4D show the LTP amplitudes of fEPSP slope and PS amplitude in Con, LAI, WE and PL groups. The LTP amplitude of fEPSP slope was 120 ± 3.9% in LAI group (n ¼ 7) and 123 ± 3.1% in WE group (n ¼ 9). There were significant decreases in LAI (p < 0.01) and WE groups (p < 0.01), but there was no significant difference between themselves. There was significant difference between WE and PL groups (p < 0.01). The LTP amplitude of PS amplitude was 155 ± 8.2% in LAI group and 165 ± 9.0% in WE group. There were significant decreases in LAI (p < 0.01) and WE groups (p < 0.01), and significant difference between themselves (p < 0.05). There was also significant difference between WE and PL groups (p < 0.01). Figure 5 showed the waveform alterations before and after LTP induction in each group. Table 1 compares the effects of PBDE 209 in these six groups. The results demonstrated that chronic PBDE 209 exposure in different developmental periods affects synaptic plasticity in different level. In PG group, PBDE 209 had no effects on I/O functions, LTP amplitudes and PPR. In LAM group, PBDE 209 could mild decrease the LTP amplitudes. In LAI and WE groups, PBDE 209 could largely decrease all the actions with more severe effect on LTP amplitudes in LAI group. PBDE 209 had the most serious inhibition on all the actions in PL group. The results also showed that the LTP of PS amplitude decreased more than the fEPSP slope in LAI, WE, and PL groups (p < 0.05). 
PBDE 209 Concentration in Hippocampus
PBDE 209 concentrations in hippocampi of the six groups are listed in Figure 6 . Hippocampi were isolated from rats at the end of exposure in each of the six groups: In PG group, rats were sacrificed in P1-2 (n PG ¼ 9); in LAM and LAI groups, rats were sacrificed in P21-22 (n LAM ¼ 8, n LAI ¼ 8); in WE and PL groups, rats were sacrificed in P40-41 (n WE ¼ 10, n PL ¼ 13). Three groups of control were set up (n P1-2 ¼ 10, n P21-22 ¼ 8, n P40-41 ¼ 7) for comparing with those PBDE 209 exposure groups respectively. Significant difference was found between control and PBDE 209 exposure groups (p < 0.05), and significant difference was found among all PBDE 209 exposure groups (p < 0.05).
DISCUSSION
Our study is the first one that investigates the effects of in vivo chronic PBDE 209 exposure on synaptic plasticity. We showed that there were permanent neurophysiological changes in the DG area of rats exposed to PBDE 209 in different developmental periods. The I/O functions, PPR and LTP were detected in our experiment, and the results demonstrated that those indicators were reduced in different degrees in different groups. Our data confirmed the toxic effect of PBDE 209. More specifically, we found that (1) PBDE 209 had a serious effect on the postsynaptic cell excitability in synaptic plasticity; (2) lactation was the most sensitive period affected by PBDE 209 among all developmental periods; (3) although received PBDE 209 from mother had little toxic effect during early developmental period, in contrast to exposure after weaning, it could significantly aggravate effects in whole period of PBDE 209 exposure.
PBDE 209 could significantly decrease I/O functions, LTP and PPR in PL group, which indicated that PBDE 209 exposure during all developmental periods could severely inhibit synaptic plasticity of adult rats. PBDE 209 could also affect these functions in other groups, in varying degrees. We found that PBDE 209 had no significant effects on I/O functions, PPR and LTP in PG group, which suggested that PBDE 209 could not affect basic synaptic transmission and synaptic plasticity in this group. In LAM group, PBDE 209 did not affect I/O functions and PPR, but it could decrease LTP, which indicated PBDE 209 could weekly inhibit synaptic plasticity in this group. In both LAI and WE groups, PBDE 209 significantly decreased I/O functions, PPR and LTP, PPR reveals the function of short-term plasticity. Previous study showed that PBDEs did not affect PPR of fEPSP in hippcampal CA1 region of mice (Dingemans et al., 2007) . In our experiment, however, PBDE 209 could inhibit PPR of the PS in LAI, WE and PL groups in DG area. PPR is traditionally attributed to a presynaptic involvement in area CA1 (Creager et al., 1980; Foster and McNaughton, 1991; Schulz et al., 1994) . However, it has been reported that PPR of the PS in DG area is due to postsynaptic rather than presynaptic modulation, based on the theory of an increase in the N-methyl-d-aspartate (NMDA) mediates components of the evoke response (Joy and Albertson, 1993) . Dingemans et al. (2007) also showed that PBDEs could decrease the protein levels of NMDA receptor and other postsynaptic density (PSD)-associated signaling proteins, implying that PBDEs might affect PPR of the PS in DG area. Our findings demonstrated that PBDE 209 could inhibit postsynaptic cell excitability.
Our results showed that PBDE 209 could inhibit the LTP of fEPSP slope and PS amplitude in LAM, LAI, WE, and PL groups, which confirmed that PBDE 209 could impair LTP. Many factors may be involved in the mechanisms of the effects of PBDE 209. First, calcium-mediated processes are important for LTP (Williams and Johnston, 1989) , and deletion of the Ca 2þ /calmodulin-dependent protein kinase II (CaMKII) gene in mice resulted in impairment in LTP (Silva et al., 1992) . That PBDEs are able to affect Ca 2þ balance in rats brain and change CaMKII protein levels of mice brain may contribute to the LTP deficit Viberg et al., 2008) . Second, the activation of protein kinase C (PKC) plays an important role in the expression and persistence of LTP in hippocampus neurons (Klann et al., 1991; Lovinger et al., 1987; Malenka et al., 1989; Malinow et al., 1988; Moriguchi et al., 2006) . Alterations induced by PBDEs in PKC translocation in human astrocytoma cells and rat neuronal cultures can affect the induction and persistence of LTP in hippocampus Madia et al., 2004) . Third, the activation of postsynaptic NMDA receptors is critical for the induction of LTP in CA1 and DG of the hippocampus (Bliss and Collingridge, 1993; Burgard et al., 1989; Poncer, 2003; Reymann et al., 1989) . PBDEs can decrease the protein levels of NMDA receptor and impair the ratio of NR2A and NR2B that are two subunits of NMDA receptor (Dingemans et al., 2007) . Furthermore, The NMDA receptor antagonist MK801 can reduce the cell death of rat cerebellar granule cells inducing by PBDEs (Reistad et al., 2006) . Fourth, PBDEs can affect the cholinergic system in both mice and rats brain (Fischer et al., 2008; Viberg et al., 2003a Viberg et al., , 2007 . This impairment may indirectly depress LTP in DG (Abe et al., 1994; Blitzer et al., 1990; Galey et al., 1994) .
The LTP of fEPSP slope and PS amplitude are two independent synaptic mechanisms, PS potentiation can occur in the absence of fEPSP slope potentiation, and vice versa. The potentiation of fEPSP slope may due to a presynaptic increase in the amount of neurotransmitter released, or an increase in sensitivity of the postsynaptic junctional membrane, whereas PS amplitude potentiation is due to an increase in the overall postsynaptic cell excitability (Bliss and Lomo, 1973) . We found that chronic PBDE 209 exposure impaired the LTP of PS amplitude potentiation more seriously than that of fEPSP slope potentiation in LAI, WE, and PL groups, which implied that chronic PBDE 209 exposure may have a more serious effect on postsynaptic cell excitability than that on presynaptic neurotransmitter release in the induction and maintenance of LTP.
In PG and LAM groups, pups received PBDE 209 from their mother, but the effects were different. PBDE 209 had no effects on basic synaptic transmission, PPR and LTP in PG group, but could inhibit LTP in LAM group. This result suggested that the lactational period was more sensitive to PBDE 209 than the gestational period. There are a few possible reasons for this result. First, Darnerud and Risberg (2006) found that the fetal uptakes of PBDEs are low when dams exposed to PBDEs through gestational period, but a considerable portion of the maternal dose is transferred to the offspring via milk during the lactation. Our finding of the significantly different concentration of PBDE 209 in hippocampus between PG and LAM groups confirmed their result. The different uptakes might cause the different effects between these two groups. Second, the brain growth spurt, which is a period of rapid brain growth in the rat, occurs during the early postnatal period (Dobbing and Sands, 1979) , so brain is much more sensitive in this time. Moreover, although the cytoarchitectonics, the innervation, the synaptic connection, and the synaptic transmission develop at specific times during rat hippocampal development, it is certain that the lactation is the predominantly growth period in the rat hippocampus (Bayer and Altman, 1974; Bekenstein and Lothman, 1991; Kudryashov and Kudryashova, 2001; Loy and Moore, 1979; Michelson and Lothman, 1989; Seress and Ribak, 1988) . Besides, if PBDE 209 could affect hippocampus in pregnancy period, the effect might be compensated during lactation. Therefore, there were no effects found in PG group.
Although the effects of PBDE 209 on synaptic plasticity were weaker in LAM group than in WE group, we might not say that the effects of PBDE 209 on synaptic plasticity were less important during lactation than after weaning. It could be possible that relatively lower amounts of PBDE 209 were received from mother milk in LAM group. To study PBDE 209 exposure in this period, the LAI group was formed. PBDE 209 could inhibit I/O functions, LTP and PPR in this group. Comparing LAI group with WE group, we found that the effect of PBDE 209 on LTP of PS was more serious in LAI group. Moreover, we found that the concentration of PBDE 209 in hippocampus in LAI group was higher than that in WE group. One possible reason may be that the immature body in lactation may uptake more PBDE 209. It is clear that lactation is the most sensitive period to PBDE 209 exposure.
In this experiment, although PBDE 209 was found to severely inhibit synaptic plasticity only in WE group among PG, LAM, and WE groups, it did not mean that PBDE 209 exposure from mother are unimportant. The exposure time in PL group was equal to the sum of that in PG, LAM, and WE groups. There were significant differences between WE and PL groups in I/O functions and LTP. This indicated that PBDE 209 exposure from mother in the early developmental period FIG. 6 . Hippocampal PBDE 209 concentrations from different groups. Hippocampi were isolated from rats at the end of exposure in each group, and three groups of control were set up (n P1-2 ¼ 10, n P21-22 ¼ 8, n P40-41 ¼ 7). Significant difference was found between control and PBDE 209 exposure groups (p < 0.05), and significant difference was found among all PBDE 209 exposure groups (p < 0.05). A indicated significant difference from control, b indicated significant difference among themselves.
EFFECTS OF PBDE 209 ON SYNAPTIC PLASTICITY 407 could largely enhance the effects of PBDE 209 exposed from prenatal throughout life. For example, I/O functions were not change in PG and LAM groups, but it was significantly difference between PL and WE groups. Fig. 6 showed that the concentration of PBDE 209 in PL group was significantly higher than that of WE group. This implied that PBDE 209 exposure in early developmental period could largely increase the accumulation of PBDE 209 in PL group, resulting in more serious impairment in PL group.
In conclusion, our findings showed that PBDE 209 exposure at different developmental periods could impair synaptic plasticity of adult rats in different degrees. The lactation period was the most sensitive time to PBDE 209 exposure and might have a more serious effect on the postsynaptic cell excitability in the induction and maintenance of LTP. An early developmental exposure to PBDE 209 from mother was important to the toxic effects of PBDE 209 exposed in whole life of rats, even though its effects were weak during that period. PBDE 209 exposure might have a more serious effect on the postsynaptic cell excitability in synaptic plasticity. This study increases our understanding of the effects of PBDEs during chronic exposure. To understand how and explain why PBDEs can affect synaptic plasticity, further studies may focus on the underlying mechanism.
